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Abstract
Background: Porcine epidemic diarrhea (PED) is a syndrome that is characterized by rapidly spreading watery
diarrhea affecting pigs of all ages, but with major effects on suckling piglets. The disease, as well as the causative
Alphacoronavirus, the Porcine epidemic diarrhea virus (PEDV), was first described in Europe in the 1970s and since
then has spread over many Asian and American countries, where it recently led to devastating effects on swine
health and pork industry. While the disease was seldom reported in Europe within the last few decades, a few
recent reports re-emergence of PED in German pig farms. The hitherto isolated German strain seems to be closely
related to a low pathogenic PEDV variant from the USA. This case report describes the first detection of PEDV in
Austria.
Case presentation: Reduced feed uptake and occasional diarrhea were observed in December 2014 in a group of
fattening pigs, kept on an Austrian swine farm. The concerned pigs had been recently purchased from Germany.
Within a few weeks, diarrhea became apparent also in pigs of Austrian origin, which were kept in a different stable
on the same farm. Gastrointestinal symptoms among fattening pigs were generally mild, quickly resolving and did
not lead to death. PEDV RNA was identified by RT-qPCR in pooled feces and serum and PEDV antibodies were
detectable in serum in both groups of pigs. Phylogenetic analysis of the nearly complete PEDV spike gene shows
that the Austrian PEDV strain is highly similar to other strains involved in recent outbreaks in Western and Central
Europe.
Conclusion: This is the first report demonstrating the presence of PEDV in Austria. The virus was probably
introduced by purchasing piglets from a German source, which underlines the significance of trans-boundary
animal trade for the distribution of highly contagious diseases, such as PED.
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Background
Porcine epidemic diarrhea virus (PEDV), a member of the
Coronaviridae family, genus Alphacoronavirus, was first
identified as the cause of porcine epidemic diarrhea (PED)
in European pigs in 1978 [1]. Thereafter, PED emerged in
many European countries and in Asia. While PED was sel-
dom reported in Europe within the last two decades [2], it
became a leading cause of piglet diarrhea in Asia [3].
Variant PEDV strains of high virulence emerged in China
in 2010 – 2011 [4]. In 2013, PEDV that was genetically
close to these highly pathogenic Chinese strains was de-
tected in the USA for the first time, where it had an im-
mense impact on pig health and pork business [5]. Severe
vomiting and diarrhea affected pigs of all ages and mortality
in suckling pigs was 90 - 95 % [6]. The disease rapidly
spread from the USA to neighboring countries like Canada
and Mexico and also further to the Caribbean and South
America [7–9]. Contaminated transport vehicles, as well as
contaminated feed, were suspected as potential sources of
long-distance PEDV spread [10, 11]. Meanwhile, PEDV is
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present in the USA in at least three different genomic vari-
ants, which differ in pathogenicity [12–14]. The conse-
quences on pig health and pork industry of a potential
introduction of either of these PEDV strains to Europe are
currently unknown. Recently, sporadic outbreaks caused by
USA-like PEDV strains have been reported in Central
Europe: in spring to summer 2014, PEDV was detected in
several German fattening farms located in the southern and
north-western parts of the country, respectively [15, 16].
Clinical symptoms were relatively mild and deaths were ab-
sent or occurred only in a small proportion of pigs. In
autumn 2014, PED outbreaks occurred in two sow farms in
Southern Germany, affecting both sows and piglets of dif-
ferent ages. Mortality in piglets was below 10 % in one sow
farm, but reached up to 68 % in the other [17]. PEDV was
also detected in pig farms in Belgium and France [18, 19].
Full genome sequencing revealed that all PEDV sequences
isolated from recent European outbreaks are almost identi-
cal and closely related to PEDV variant strains from USA
(the so-called S-INDEL strains) [14, 15, 17–19].
Here, we report the first detection of PEDV in pigs on
an Austrian fattening farm and provide information
about disease symptoms, diagnostic test results, possible
route of PEDV entry and genetic relatedness of the
newly detected Austrian PEDV to published sequences.
Case presentation
In mid-December 2014, reduced feed uptake and mild
diarrhea were observed in a pig farm located in Upper
Austria in about 10–20 % of 550 fattening pigs (about 11–
12 weeks of age) that had been purchased from a German
source a few days before. Two pigs had died and were di-
agnosed with acute Actinobacillus pleuropneumoniae
(APP) infection by pathomorphological examination and
bacterial isolation, performed in a private diagnostic la-
boratory. Thus, antibiotic treatment of the German-origin
group was initiated: pigs were treated via feed with 16 mg/
kg/day Tilmicosin (Tilmovet, Virbac, Austria) for 8 days.
In addition to the pigs of German origin, about 1000 fat-
teners of Austrian origin (aged 11–28 weeks, fresh piglets
being introduced every 2–3 weeks) were housed in a dif-
ferent stable on the same farm. The pigs of Austrian origin
were clinically inconspicuous at that time. Change of
clothing between different stables was regularly practiced.
Although gastrointestinal symptoms in the German-origin
group were mild, the veterinary practitioner submitted a
pooled feces sample for PCR testing for porcine corona-
viruses, Brachyspira spp. and Lawsonia intracellularis as
well as for bacterial culture and parasitological examin-
ation. Commercial reverse transcriptase quantitative PCR
(RT-qPCR) kits were used for porcine coronavirus testing
(EZ-PED/TGE MPX 1.0 Real-Time RT-PCR and EZ-
SDCV MPX 1.0 Real Time PCR, Tetracore, USA). RT-
qPCR testing revealed a high PEDV load (quantification
cycle (Cq)-value of 17) in pooled feces, while tests for
Transmissible gastroenteritis virus and Porcine deltacoro-
navirus were negative. In addition, Brachyspira inter-
media/innocens was identified by conventional gel-based
PCR (ADIAVET® BRACHY, bioMerieux, France), while
the sample tested negative by Lawsonia intracellularis
real-time PCR [20]. Salmonella enterica serovar Typhi-
murium was isolated following pre-enrichment in buffered
peptone water and typed by standard methods (not
shown). No endoparasites were detected in pooled feces.
By early January 2015, four weeks after the introduction
of the German-origin pigs, the clinical situation in the
German-origin pigs had improved and feed uptake and
daily weight gain were back to normal levels. However,
gastrointestinal symptoms were now apparent in >80 % of
the Austrian-origin pigs, typically shown by strongly re-
duced feed uptake and diarrhea that lasted for 2–3 days.
No vomiting was observed and no deaths occurred.
Pooled feces collected from both German- and Austrian-
origin animals (each ten pen-wise pooled samples) tested
positive for PEDV in RT-qPCR (Cq-values ranging from
15–41), with lowest Cq-values (indicative of highest
PEDV-load) in samples originating from pigs that had
been introduced just a few days ago. These animals were
diarrheic at the time of sampling. The mean PEDV Cq-
value was lower in feces from the Austrian-origin pigs
than from the German-origin pigs (23 Cq vs. 31 Cq). Bra-
chyspira spp. was identified by PCR in a fraction of sam-
ples from both groups. Oesophagostomum sp. was
demonstrated in a single pooled feces sample from the
Austrian-origin pigs, while Salmonella Typhimurium was
again identified in feces from the German-origin pigs, but
not from those of Austrian origin.
PEDV was further demonstrated by RT-qPCR in 40–
50 % of sera collected from both German- and Austrian-
origin pigs (each ten samples), respectively. PEDV Cq-
values in sera were relatively high (> Cq 31) in both
groups. PEDV-specific antibodies (PEDV-Ab) were detect-
able by commercial ELISA (Swinecheck® PED indirect;
Biovet, Canada) in all sera from the German-origin group
and five from the Austrian-origin group; the Austrian-
origin pigs that showed diarrhea (pens A7 - A10) were
PEDV-Ab negative (Additional file 1: Table S1).
Eleven days later (~ mid-January 2015), clinical symp-
toms were no longer evident in any of the groups.
Nevertheless, 70–91 % of pooled feces samples from
both groups still tested positive by PEDV RT-qPCR. In
comparison to the previous sampling time-point (early
January), mean Cq-values in feces had decreased in both
groups, ranging now from Cq 32 - Cq 34, which indi-
cates a drop in PEDV fecal shedding. Furthermore,
PEDV-Ab were now detectable in sera collected from
those pens that had shown PEDV-Ab negative results
11 days before. Sera from two pens were still positive for
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PEDV RNA at low level (Additional file 1: Table S1).
Pigs that were freshly purchased around the third sam-
pling time-point and housed with the Austrian-origin
group no longer became infected as indicated by absence
of gastrointestinal symptoms and lack of seroconversion.
Nevertheless, by RT-qPCR, PEDV remained detectable
in regularly submitted pooled feces until early March
2015, albeit in declining frequency.
During and after these follow-up studies on the index
farm, PED was confirmed in our laboratory on three
additional pig finishing farms located in Upper Austria
in February - June 2015. In addition, PEDV was detected
in an intestinal sample collected from a finishing farm in
neighboring Slovenia in February 2015. Veterinarians re-
ported highly varying degrees of mortality (7–100 %),
but absent or low (<1 %) mortality. All affected farms
were specialized on finishing pigs. Permission for taking
samples was granted by all farm owners.
Molecular epidemiological investigation
To determine the genetic relationship of PEDV detected
on Austrian and Slovenian pig farms to hitherto published
strains, sequencing of the PEDV S-gene from selected RT-
qPCR positive samples was conducted. Briefly, the
complete S-gene was amplified by RT-PCR, utilizing
primers S-F1 and S-R1 [21], followed by direct sequencing
of the RT-PCR product using a series of nine sequencing
primers (Additional file 2: Table S2). A phylogenetic tree
was constructed based on an alignment of the nearly
complete S-gene (4091 sites, gaps excluded), using
MEGA5 software [22]. As shown in Fig. 1, PEDV detected
in Austria and Slovenia belongs to a highly supported
lineage (98 % bootstrap value) including also recent PEDV
sequences from Belgium, Germany, France and the
Netherlands [15, 18, 19]. Within the S-gene, nucleotide
sequence identity between these sequences is > 99.5 %.
Discussion
In this report, the first detection of PEDV on an Austrian
pig fattening farm is described. Clinical symptoms, such
as decreased feed uptake, reduced weight gain and diar-
rhea initially affected pigs that had been introduced from
Germany a few days before. Within a few weeks, this con-
dition had already spread to pigs of Austrian origin that
were kept in a different stable on the same farm. PEDV
was demonstrated by RT-qPCR in both feces and serum
of affected pigs. RT-qPCR results in feces were further
confirmed by conventional PCR and sequencing [21, 23].
Furthermore, presence of Brachyspira spp., Oesophagosto-
mum sp. and Salmonella Typhimurium was demonstrated
in pooled feces. The chronological appearance of clinical
symptoms in the two different groups of pigs was in ac-
cordance with semi-quantitative RT-qPCR results (Cq-
values) in pen-wise pooled feces and with the order of
occurrence of PEDV-Ab in serum. PEDV RNA was de-
tected in sera from both diarrheic and convalescent pigs,
although in the latter at very low level. Presence of PEDV
RNA in serum is consistent with the acute and later
phases of infection, as already described by others [24].
A similar onset of disease following introduction of
feeder pigs and rapid spread within the farms was re-
ported from several recent outbreaks in German fatten-
ing farms [16, 17]. In comparison to other reported
outbreaks in fattening pigs [16–18], the PED case report
presented here was characterized by mild enteric disease
that resolved within 2–3 days; furthermore, no pigs died
from diarrhea or dehydration. The death of two pigs at
the beginning of the outbreak was due to APP infection.
Interestingly, PEDV was detectable on the Austrian farm
by RT-qPCR for an extended period of time (almost
3 months) in pooled feces, although clinical symptoms
on the farm had completely resolved 4–5 weeks after
presumptive introduction of PEDV. From that time on-
wards, no freshly introduced seronegative pigs became
infected, although they were housed in the same stable
with previously affected pigs. This might indicate that
PEDV detected by RT-qPCR after cessation of clinical
signs was no longer infectious.
High morbidity, but low or no mortality among fat-
tening pigs was also observed during a PED epidemic
in 2005–2006 in Italy [2]. In contrast, highly varying
degrees of mortality (6–68 %) among suckling and
weaned piglets were observed on two German sow
farms and on a French farrow-to-finish herd [17, 18].
While the sequence of the virus responsible for the
Italian outbreak in 2005–2006 has not been reported
yet, full genome sequencing of recent PEDV strains
from Belgium, France and Germany shows that they
are all highly similar and closely related to S-INDEL
strains from USA, such as OH851 [15, 17]. Phylogen-
etic analysis based on the S-gene sequence shows that
the virus recovered from PED outbreaks in Austria
and neighboring Slovenia is almost identical to other
currently circulating PEDV from Western and Central
Europe [15, 18, 19], which suggests a common source
of introduction.
Conclusions
This case report describes the first detection and
characterization of PEDV on an Austrian pig farm.
PEDV was introduced most likely by purchasing piglets
from a German source. The infection spread quickly
between different stables of the same farm and led to
mild disease in fattening pigs without any deaths re-
lated to enteric disease. PEDV RNA was detected in
pooled feces for an extended period of time after cessa-
tion of clinical symptoms and in the absence of new in-
fections. So far, all available sequences point to a single
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PEDV S-INDEL strain as the cause of recent PED out-
breaks in Western and Central Europe that are, never-
theless, characterized by varying disease severity.
Ethics statement
All diagnostic and therapeutic procedures involving
live animals were performed by an approved
veterinarian in the course of routine veterinary health
management.
Availability of supporting data
Supporting data (Additional file 1: Table S1 and
Additional file 2: Table S2) are included as additional
files to this article. Sequence data are deposited under
GenBank accession numbers KT206204 - KT206206.
Fig. 1 Neighbor-joining phylogenetic tree (Maximum Likelihood Composite substitution model) based on a 4091 bp alignment (gaps excluded)
of the nearly complete PEDV spike protein (PEDVgp2) coding region from 43 PEDV sequences downloaded from GenBank and from three PEDV
newly reported in this paper (GenBank accession numbers: KT206204 - KT206206). Multiple sequence alignment was performed using the
ClustalW algorithm, as implemented in BioEdit v7.1.3.0 [25]. Numbers along the branches indicate the percentage of 1000 bootstrap iterations
(bootstrap support < 80 % is not shown). For each sequence, the strain designation, followed by country and year (if known, otherwise this is
indicated by X) of isolation and the GenBank accession number is shown. PEDV strains from Europe and the USA are indicated by brackets and
partly by colored branches. PEDV sequences from Austria and Slovenia are indicated in bold
Steinrigl et al. BMC Veterinary Research  (2015) 11:310 Page 4 of 5
Additional files
Additional file 1: Table S1. PEDV RT-qPCR and ELISA results obtained
from serum samples in January 2015. (DOCX 20 kb)
Additional file 2: Table S2. Primers used for amplification and
sequencing of the complete S-gene. (DOCX 20 kb)
Abbreviations
PED: Porcine epidemic diarrhea; PEDV: Porcine epidemic diarrhea virus;
RNA: Ribonucleic acid; PCR: Polymerase chain reaction; RT-qPCR: Reverse
transcriptase quantitative PCR; APP: Actinobacillus pleuropneumoniae;
Cq: Quantification cycle; ELISA: Enzyme linked immunosorbent assay; PEDV-
Ab: Anti-PEDV antibodies; S-INDEL strain: PEDV strain having insertions and
deletions in the spike gene.
Competing interests
There are no competing interests of either financial or non-financial nature
that could inappropriately influence the results or conclusions laid down in
this publication.
Authors’ contributions
AS wrote the manuscript, participated in data analysis and performed
phylogenetic analysis. SRF performed validation of molecular methods,
organized laboratory testing of samples and participated in data analysis. FST
performed clinical examination, treatment and sample collection. TS and JP
performed ELISA testing and data analysis. FS initiated the study,
communicated with veterinary practitioners and organized field samples.
All authors read and approved of the final manuscript.
Acknowledgements
We thank all involved technical personnel of the Institute for Veterinary
Disease Control, Mödling, Austria, for their excellent work. The cooperation
of farmers and veterinarians who submitted samples for analysis is deeply
acknowledged.
Author details
1Austrian Agency for Health and Food Safety, Institute for Veterinary Disease
Control, Robert Koch Gasse 17, 2340 Mödling, Austria. 2Veterinary practice,
Römerstraße 56, 4600 Wels, Austria. 3University of Leipzig, Large Animal
Clinic for Internal Medicine, An den Tierkliniken 11, 04103 Leipzig, Germany.
Received: 16 July 2015 Accepted: 22 December 2015
References
1. Pensaert MB, de Bouck P. A new coronavirus-like particle associated with
diarrhea in swine. Arch Virol. 1978;58(3):243–7.
2. Martelli P, Lavazza A, Nigrelli AD, Merialdi G, Alborali LG, Pensaert MB.
Epidemic of diarrhoea caused by porcine epidemic diarrhoea virus in Italy.
Vet Rec. 2008;162(10):307–10.
3. Song D, Park B. Porcine epidemic diarrhoea virus: a comprehensive review
of molecular epidemiology, diagnosis, and vaccines. Virus Genes. 2012;44(2):
167–75.
4. Li W, Li H, Liu Y, Pan Y, Deng F, Song Y, et al. New variants of porcine
epidemic diarrhea virus, China, 2011. Emerg Infect Dis. 2012;18(8):1350–3.
5. Chen Q, Li G, Stasko J, Thomas JT, Stensland WR, Pillatzki AE, et al. Isolation
and characterization of porcine epidemic diarrhea viruses associated with
the 2013 disease outbreak among swine in the United States. J Clin
Microbiol. 2014;52(1):234–43.
6. Stevenson GW, Hoang H, Schwartz KJ, Burrough ER, Sun D, Madson D, et al.
Emergence of Porcine epidemic diarrhea virus in the United States: clinical
signs, lesions, and viral genomic sequences. J Vet Diagn Invest. 2013;25(5):
649–54.
7. ProMED-mail: Archive Number: 20140611.2532426. In.; 2014.
8. ProMED-mail: Archive Number: 20140616.2544899. In.; 2014.
9. ProMED-mail: Archive Number: 20140910.2763771. In.; 2014.
10. Dee S, Clement T, Schelkopf A, Nerem J, Knudsen D, Christopher-Hennings
J, et al. An evaluation of contaminated complete feed as a vehicle for
porcine epidemic diarrhea virus infection of naive pigs following
consumption via natural feeding behavior: proof of concept. BMC Vet Res.
2014;10(1):176.
11. Lowe J, Gauger P, Harmon K, Zhang J, Connor J, Yeske P, et al. Role of
transportation in spread of porcine epidemic diarrhea virus infection, United
States. Emerg Infect Dis. 2014;20(5):872–4.
12. Marthaler D, Bruner L, Collins J, Rossow K. Third strain of porcine epidemic
diarrhea virus, United States. Emerg Infect Dis. 2014;20(12):2162–3.
13. Vlasova AN, Marthaler D, Wang Q, Culhane MR, Rossow KD, Rovira A, et al.
Distinct characteristics and complex evolution of PEDV strains, North
America, May 2013-February 2014. Emerg Infect Dis. 2014;20(10):1620–8.
14. Wang L, Byrum B, Zhang Y. New variant of porcine epidemic diarrhea virus,
United States, 2014. Emerg Infect Dis. 2014;20(5):917–9.
15. Hanke D, Jenckel M, Petrov A, Ritzmann M, Stadler J, Akimkin V, et al.
Comparison of Porcine Epidemic Diarrhea Viruses from Germany and the
United States, 2014. Emerg Infect Dis. 2015;21(3):493–6.
16. Henninger T, Schwarz BA. Porcine epidemic diarrhhoea (PED) - Neuausbrüche
in deutschen Mastschweinebeständen. Tierärztl Umschau. 2014;69(9):394–7.
17. Stadler J, Zoels S, Fux R, Hanke D, Pohlmann A, Blome S, et al. Emergence
of porcine epidemic diarrhea virus in southern Germany. BMC Vet Res. 2015;
11:142.
18. Grasland B, Bigault L, Bernard C, Quenault H, Toulouse O, Fablet C, et al.
Complete genome sequence of a porcine epidemic diarrhea s gene indel
strain isolated in france in december 2014. Genome Announc. 2015; 3(3).
doi:10.1128/genomeA.00535-15.
19. Theuns S, Conceicao-Neto N, Christiaens I, Zeller M, Desmarets LM,
Roukaerts ID, et al. Complete genome sequence of a porcine epidemic
diarrhea virus from a novel outbreak in belgium, january 2015. Genome
Announc. 2015; 3(3). doi:10.1128/genomeA.00506-15.
20. Duenser M, Untersperger M, Schweighardt H, Schuh M, Awad-Masalmeh M.
Diagnostik der porzinen proliferativen Enteropathien: Vergleich
unterschiedlicher Nachweismethoden zur Erfassung von Lawsonia
intracellularis. Tierärztliche Praxis Großtiere. 2003;2(31):99–105.
21. Huang YW, Dickerman AW, Pineyro P, Li L, Fang L, Kiehne R, et al. Origin,
evolution, and genotyping of emergent porcine epidemic diarrhea virus
strains in the United States. mBio. 2013;4(5):e00737–00713.
22. Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. MEGA5:
molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Mol Biol Evol.
2011;28(10):2731–9.
23. Song DS, Kang BK, Oh JS, Ha GW, Yang JS, Moon HJ, et al. Multiplex reverse
transcription-PCR for rapid differential detection of porcine epidemic
diarrhea virus, transmissible gastroenteritis virus, and porcine group A
rotavirus. J Vet Diagn Invest. 2006;18(3):278–81.
24. Jung K, Wang Q, Scheuer KA, Lu Z, Zhang Y, Saif LJ. Pathology of US
porcine epidemic diarrhea virus strain PC21A in gnotobiotic pigs. Emerg
Infect Dis. 2014;20(4):662–5.
25. Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis
program for Windows 97/98/NT. Nucleic Acids Symp Ser. 1999;41:95–8.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Steinrigl et al. BMC Veterinary Research  (2015) 11:310 Page 5 of 5
